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[57] ABSTRACT

A heating furnace and a method for uniformly thermo-
setting a paste applied onto the surface of a substrate, and for
manufacturing a high quality substrate. The heating furnace
can be installed in a small area. A plurality of up-and-down
moving pins are provided in a furnace body. The plurality of
up-and-down moving pins are penetrating a hot plate having
a heater and are vertically movable. A substrate loaded
through an opening port in an isolation wall is mounted onto
the up-and-down moving pins moved in their upper position.
The substrate moved down near the hot plate using the
up-and-down moving pins is preheated by the heated hot
plate. Then, the substrate is further moved down and vacuum
attracted to the hot plate to be heated by the hot plate. After
that, the substrate is moved up to the original position and
nitrogen gas from nozzles of a gas supply pipe is blown on
the surface of the substrate to accelerate cooling of the
substrate. After being cooled, the substrate is unloaded
through the opening port.

20 Claims, 7 Drawing Sheets
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1
HEATING FURNACE.

BACKGROUND AND SUMMARY OF THE
INVENTION

The present invention relates to a heating furnace and a
method for heating mainly a panel or a board in a fabricating
process of a liquid display panel, a plasma display panel or

a printed circuit board.

In the recent years. liquid crystal display panels
(hereinafter, referred to as “liquid crystal panel™) and plasma
display panels have been widely used for display devices
since they have characteristics of light weight, thin thickness
and low electric power consumption. In taking the liquid
crystal panel as an example, there is a process in a liquid
crystal panel manufacturing process in which sealant applied
onto a liquid crystal panel glass substrate and is heated to set
the sealant. The heating means used in the past is a hot plate
type heating furnace on which a glass substrate is mounted
to heat the sealant at a desired temperature.

Japanese Patent Application Laid-Open No. 2-83230
(1990) shows a conventional heating furnace. FIG. 12 is a
schematic vertical cross-sectional view showing an example
of a conventional heating furnace and FIG. 13 15 a cross-
sectional view being taken on the plane of the line XIII-—
XIII of FIG. 12. Referring to FIG. 12 and FIG. 13, the
conventional heating furnace involves a loading portion 40,
a main body 41, an unloading portion 42, a substrate transfer
mechanism 43, a furnace body case 44, a motor 435, a ball
screw 46, a nut 47, a linear guide 48, a lateral direction
transfer mechanism 49. a motor 50, a ball screw 51, a nut 52,
a linear guide 53, a cam 54, a guide 55, a longitudinal
direction transfer mechanism 56, a substrate transfer mecha-
nism 57, a rack frame 58, a substrate 59, hot plates 60a to
60¢ (hereinafter, when a hot plate is specified, the specified
hot plate is identified by adding a small alphabetical letter
after the reference character such as “hot plate 60a, 60b or
60¢”. When the whole hot plates are indicated, a general
term such as “hot plates 60” is used.), a pillar 61 and an
exhausting pipe 62.

In FIG. 12, a substrate 59 applied with sealant in the
preceding process is held at the loading portion 40 before
being loaded into the heating furnace. Inside the main body
of heating furnace, the hot plates 60a to 60c¢ are provided for
mounting the substrate 59 to be heated. The substrate 59
after completing the sealant thermo-setting treatrnent, is
transferred to the unloading portion 42 of the heating
furnace, and is unloaded to the next process.

Inside the main body 41 of the heating furnace. the
substrate transfer mechanism 43 for transmitting the sub-
strate 59 from the loading portion 40 toward the unloading
portion is provided under the hot plates 60, and the hot plates
60 and the substrate transfer mechanism 43 are covered with
the furnace body case 44. In the ceiling portion of the
furnace body case 44, there is provided the exhausting pipe
62 for exhausting a gas produced inside the furnace body
case

The hot plates 60 are supported by the pillars 61, and the
furnace body case 44 and the pillars 61 are fixed to the rack
frame 58 in the bottom portion of the apparatus. The

substrate transfer mechanism 43 comprises the lateral direc-
tion transfer mechanism 49 composed of the motor 45, the
ball screw 46, the nut 47, the linear guide 48 and s0 on, the
longitudinal direction transfer mechanism 56 composed of
the motor 50, the ball screw S1, the nut 52, the linear guide
53. the cam 54, the guide 55 and so on, and the substrate
transfer plate 57 extending from the loading portion 40 to the
unloading portion 42 through the furnace body case 44.
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The lateral direction transfer mechanism 49 for driving
the substrate transfer plate 57 converts rotation of the motor
45 into linear transference by the ball screw 46 and the nut

47 to drive the substrate transfer plate 57 on the linear guide
48 in the left and right directions of FIG. 12. The distance

to which the lateral direction transfer mechanism 49 trans-
fers the substrate transfer plate 57 is equal to the distance
between the centers of each of the hot plates 60a to 60c. The
longitudinal direction transfer mechanism 56 converts rota-
tion of the motor 50 into linear transference by the ball screw

51 and the nut 52 to vertically drive the guide 35 on the cam
54 by driving the cam 54 on the linear guide 33. Thereby, the
substrate transfer plate 57 is driven in the up and down
directions of FIG. 12.

Each of the motors 45, 50 incorporates an encoder and is
connected to a controller which is not shown. Each of the
motors 45, 50 transmits a signal to the controller when each
of the motors rotates in a certain direction by a certain
amount of rotation, and the controller controls stopping.
rotation in the normal direction and rotation in the reverse
direction of each of the motors 45, 50 depending on the
signal.

The sealant applied onto the substrate 59 has a specific
critical temperature at which setting rapidly progresses to
change properties of the sealant. When the temperature of
the sealant exceeds the specific critical temperature, the
scalant rapidly sets. Therefore, if the temperature of the
substrate 59 exceeds the critical temperature not in a uni-
form distribution over the whole surface of the substrate 59,
unevenness occurs in setting of the sealant and consequently
non-uniformity occurs in the properties of the sealant such
as hardness, adhesive property and so on to degrade the

guality of the substrate 59.

Further, if the substrate §9 is rapidly heated, the tempera-
ture difference on the surface of the substrate §9 becomes
large in the period from rising of the substrate 59 tempera-
ture to being stabilized. This causes unevenness in the
properties of the sealant, and, in some cases, damages the
sealant due to large thermal stress. Therefore, the substrate
89 is once pre-heated at a temperature below the critical
temperature at which the sealant is hardly set. In general, in
order to perform the pre-heating, temperatures of the hot
plates 60 are increased stepwise in the arranged order of the
hot plates 60 from the loading port 40.

In the past, in order to obtain necessary temperature and
time for heating and to supply the substrates 39 in an interval
required by a product line, the temperature and the number
of hot plates 60 in the pre-heating portion were determined
based on a condition such as holding time which was
determined by the temperatures increased stepwise in
arranged order of the hot plates from the loading port and the
interval transferring the substrates 59. The temperature and
the number of hot plates 60 in the heating portion at a desired
temperature above the critical temperature were determined
based on a condition such as holding time which was
determined by the holding temperature and the interval
transferring the substrates 59.

In the conventional heating furnace shown in FIG. 12 and
FIG. 13, the hot plate 60a is a portion for pre-heating and the
temperature is lower then the critical temperature. The hot
plates 60b and 60c¢ are portions for heating (regular heating)
at a desired temperature above the critical temperature and
the temperatures are maintained at the same desired tem-
perature above the critical temperature.

Operation of heating and setting the sealant applied onto
the substrate 59 will be described below.
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Initially, as the substrate 59 is mounted on the loading
portion 40, the motor 50 is started rotating to transfer the
cam 54 toward the loading portion 40, and at the same time
the guide 55 is moved upward to lift the substrate transfer
plate 57. In this course, the substrate transfer plate 57 takes
and lifts the substrate 59 mounted on the loading portion 49
to remove the substrate 59 from the loading portion 40. As
the substrate transfer plate 57 is lifted up to a given level, the
motor 50 is stopped to hold the substrate transfer plate at the
given level.

Next. the motor 45 is started rotating to transfer the
substrate transfer plate 57 toward the unloading portion 42.
Then. as the substrate 5§59 mounted on the substrate transfer
plate 57 is transferred above the hot plate 60a, the motor 45
is stopped. In this state, the motor 50 is rotated in a direction
reverse to the direction described above to move the cam 34
toward the loading portion 42 and to lower the substrate
transfer plate 57 lower than the surface level of the hot plates
60. and is stopped. By doing so. the substrate 59 is mounted
on the hot plate 60a.

After that, the motor 45 is rotated in a direction opposite
to the direction described above to transfer the substrate
transfer plate 57 toward the loading portion 40. As the
substrate transfer plate §7 is returned to the original position,
the motor 45 is stopped. Thus, the first operation is com-

pleted.

When the given time for pre-heating passes after comple-
tion of the first operation, the substrate transfer plate §7 is
repeated the above operation and the second operation for
transferring the substrate 9 from the hot plate 60 to the hot

plate 60 is performed. Then. in the third operation the
substrate 59 is transferred from the hot plate 605 to the hot
plate 60c, and in the fourth operation after completion of
heating the substrate 59 is unloaded from the hot plate 60c
through the unloading portion 42.

In the conventional heating furnace, there are the follow-
ing problems.

Since the substrate §9 has the sealant applied on the upper
surface, the substrate 59 is supported on the bottom surface
when it is transferred. Therefore, the hot plates 60 are
designed so as to support the portion of the substrate not
supported by the substrate transfer plate 57. Further, in order
to cope with a substrate 59 having a different size, the
substrate transfer plates S7 supporting the substrate 59 are
movable on both sides laterally to the transferring direction
of the substrate 59. Therefore, the hot plate 59 is limited in
its width size in the direction perpendicular to the transfer-
ring direction of the substrate 59, and accordingly the arca
of the substrate 59 protruding from the hot plates 60

becomes large when the size of the substrate 59 is large.
Consequently, it is difficult to raise the temperature in the

peripheral protruding portions of substrate 59 is difficult to
be raised, and when the substrate is detached from the
surface of the hot plates 60, the temperature is further
decreased since heat is removed from the substrate to the
substrate transfer plate 87 by contacting the substrate 50
with the substrate transfer plate 57 during transferring the
substrate §9. Since the furnace body case 44 contains the
plurality of hot plates 60 having different heating tempera-
tures and the substrate transfer plate 57 and its driving parts,
the volume and the height of the furnace body case are large
and there is a large temperature difference inside the furnace
case 44, which causes convection inside the whole of the
furnace body case 44. This convection is easily disturbed by
vertical and horizontal motion of the substrate transfer plate
§7. and thereby the surface temperature of the substrate 59
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transferred between the hot plates 60 cannot be maintained
constant and the sealant is unevenly set.

Furthermore, since the substrate 39 frequently contacts
the substrate transfer plate 57 and the hot plates 60, pro-
duction of dust is increased. In order to prevent temperature
decrease of the substrate, it is desirable to shorten the time
of transferring the substrate between the hot plates 60.
However, if the substrate 59 is transferred between the hot
plates 60 at a high speed. gas flow inside the furnace body
41 is largely disturbed which raises a cloud of dust in the
furnace body 41, which degrades the cleanness further.
Since the driving mechanism of the substrate transfer plate
§7 is contained inside the same furnace case 44 together with
the hot plates 60 and outside air enters into the furnace case
44 due to the convection, the cleanness is degraded. By the
above phenomena, dust attaches to the substrate 59, and the
quality of the substrate 59 is degraded.

Still further, in order to keep an amount of the substrates
59 after thermo-setting the sealant by adding desired heat
which is supplied to a downstream apparatus connected to
the heating furnace, the length of the furnace body becomes
longer and accordingly a large installing area is required.
and particularly the installing area becomes a problem since
the manufacturing apparatus of substrates 59 is often
installed in a clean room.

The same problem arises in baking of conductive paste in
a printed circuit board.

Further. in a case where the substrate 59 is large in size
and thick in thickness, it has been confirmed that when the

substrate 59 is mounted on and heated by the hot plates 69,
a temperature difference between the top surface and the
bottom surface of the substrate 59 is produced and thereby
the substrate 5% is warped on the hot plates 60, which causes
difficulty of uniform heating.

An object of the present invention is to provide a heating
furnace which can solve the aforementioned problems with
the known heating furnaces, and which can uniformly
thermo-set the sealant or the paste applied onto a surface of
a substrate, and which can obtain a high quality substrate,
and which can be installed in a small area.

In order to attain the above object, the present invention
provides a heating furnace for heating a substrate mounted
on a heating plate, which comprises a plurality of small
holes passing through the heating plate, a substrate holder
comprising a plurality of small diameter rods penetrating the
small holes and projectable upwardly from the heating plate,
an up-and-down driver for moving the substrate holder up an
down, a substrate holder controller for controlling the length
of the substrate holder projecting upward from the heating
plate and controlling temperature of the heating plate to each
of a pre-heating, a regular heating and a cooling

temperatures, a vessel containing the heating plate and the
substrate holder, and blocking outside air, an opening port

being provided on one plane of said vessel, the substrate
being transferred in the horizontal direction through the
opening port to be mounted on the substrate holder inside the
vessel.

Further, a surface of the vessel facing the heating plate is
made of a mirror surface or a heat resistive mirror.

Since the substrate holder is composed of a plurality of
small diameter rods penetrating the heating plate, the area of
the heating plate can be made wide and the whole surface of
the substrate can contact the surface of the heating plate, and
consequently the whole surface of the substrate can be

uniformly heated through thermal conduction.
Further, since the pre-heating, regular heating and cooling
of the substrate can be performed on the single heating plate
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and by only one operation of loading and unloading. the total
volume and the inner height of the vessel can be decreased.

Therefore, the temperature distribution inside the vessel
becomes uniform and the temperature difference becomes
small, and consequently the occurrence of convection is
decreased and the heating temperature is stabilized. Produc-
tion of dust due to friction can be minimized since the

contact area between the substrate holder and the substrate
is very small, and the disturbance of gas flow around the

heating plate during loading the substrate can be minimized
since mounting of the substrate onto the heating plate is
performed from the pre-heating position close to the heating
plate, and further a cloud of dust is not raised and a decrease
of cleanness can be prevented since convection inside the
vessel is suppressed.

Furthermore. far-infrared rays emitted from the heating
plate pass once through the glass substrate while a part of the
far-infrared rays are absorbed in the substrate and members
arranged on the top surface of the substrate, and then are
reflected on the inner surfaces of the vessel and reach the top
surface of the substrate to be absorbed in the members
arranged on the top surface of the substrate. The members
are heated and the heat is transferred to the top surface of the
substrate and accordingly the top surface of the substrate is
also heated. Therefore, the temperature difference between
the top and bottom surfaces is decreased and warp in the
substrate is decreased, thus uniform heating is attained. At
that time, the far-infrared rays are reflected on the inner
surface of the vessel and pass through the glass substrate and
then return to the heating plate to heat the heating plate itself,
Therefore. the returned heat decreases the heat energy to be
generated by the heating plate itself, and accordingly there
is an advantage in saving-energy.

Other objects, advantages and novel features of the

present invention will become apparent from the following
detailed description of the invention when considered in

conjunction with the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing one embodiment of a
heating furnace in accordance a preferred embodiment of the
present invention;

FIG. 2 is a cross-sectional view being taken on the plane
of the line II—II of FIG. 1;

FIG. 3 is a cross-sectional view of the main portion being
taken on the plane of the line II—1I of FIG. 1;

FIG. 4 is a cross-sectional view of the main portion being
taken on the plane of the line IV—IV of FIG. 2;

FIGS. 5(a)-5(d) is a view similar to FIG. 4 showing and
explaining the operation of the embodiment shown in FIG.
L;

FIG. 6 is a vertical cross-sectional view showing another
example of a hot plate in FIG. 1;

FIG. 7 is an outer front view showing another embodi-
ment of a heating furnace in accordance with the present
invention;

FIG. 8 is a cross-sectional view being taken on the piane
of the line VIII—VII of FIG. 7;

FIG. 9 is a cross-sectional view showing an embodiment
of a heating furnace different from FIG. 1;

FIG. 10 is a cross-sectional view showing another
embodiment of a heating furnace different from FIG. 1;

FIG. 11 is a cross-sectional view showing the operation of
heating in the heating furnace shown in FIG. 10;

FIG. 12 is a vertical cross-sectional view showing an
example of a conventional heating furnace; and
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FIG. 13 is a cross-sectional view being taken on the plane
of the line XIII—XIII of FIG. 12.

DETAILED DESCRIPTION OF THE DRAWINGS

FIG. 1 is a front view showing one embodiment of a
heating furnace in accordance with the present invention.
The reference character 1 is a rack frame, the reference
character 2 is a furnace body, the reference character 3 is a
control unit, the reference characters 4 are base plates, the
reference characters 5 are support pillars. the reference
character 6 is a frame set, the reference character 8 is an
isolation wall, and the reference character 9 is an opening

port.

FIG. 2 is a cross-sectional view being taken on the plane
of the line II—1I of FIG. 1. The reference character 10 is a
door inspection door, the reference characters 11 are up-and-
down drivers, the reference character 12 is a substrate, the
reference character 13 is a gas exhaust pipe, and the refer-
ence character 14 is a transfer robot. The parts correspond-
ing to those in FIG. 1 are identified by the same reference

characters.

FIG. 3 is a cross-sectional view of the main portion being
taken on the plane of the line IIIIII of FIG. 1. The
reference character 15 is an up-and-down moving pin, the
reference character 16 is a hot plate, the reference character
17 is a support pillar, the reference character 18 is a heat
dissipation preventive cover, the reference character 19 is a
position displacing preventing pin (guide), the reference
character 20 is a vacuum attracting hole, the reference
character 21 is a vacuum pipe. the reference character 22 is
a heater, the reference character 23 is a gas supply pipe, the
reference character 24 is a vertical direction driving plate,
and the reference character 25 is a lateral frame. The parts
corresponding to those in the precedent figures are identified
by the same reference characters.

FIG. 4 is a cross-sectional view of the main portion being
taken on the plane of the line IV—IV of FIG. 2, and the parts
corresponding to those in the precedent figures are identified

by the same reference characters.

Referring to FIG. 1 and FIG. 2, the heating furnace in this
embodiment is placed on a floor by a rack frame 1 having
legs. The rack frame 1 is divided into an upper stage and a
lower stage a space portion A containing a furnace 2 for
performing heating and a space portion B containing the
control unit 3 composed of a substrate temperature control,

a substrate holder moving up and down a substrate 12, to to
be described later, and a control for the whole heating

furnace.

In the upper space portion A of the rack frame 1. two
frame sets 6 composed of the base plates 4 arranged 1n the
horizontal direction and pillars S arranged in the vertical
direction, and the frames are arranged in the horizontal
direction. In one frame set 6, the base plate 4 in the upper
side of the upper space portion A, the base plate 4 in the
bottom side and the base plate 4 between them are arranged
in parallel to one another and each of the base plates is
supported in both of the right and left ends by the pillars 5.
One of the frame sets 6 forms two spaces, that is, the upper
and the lower spaces, and the furnace 2 is installed in each
of the spaces. Therefore, four of the furnace bodies 2 are
installed in the upper space portion I of the rack frame 1, that
is, two furnace bodies in the upper side and two furnace

bodies in the lower side.

A heating portion of the furnace body 2 is covered by a
vessel-shaped isolating wall 8, and the bottom of the isola-
tion wall is fixed to the base plate 4. The opening port 9 for
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loading and unloading the substrate is provided in the
isolation wall 8, as shown in FIG, 2. The inspection 10 are
detachably provided in the both sides of the vessel formed
by the isolation wall 8, as shown in FIG. 2. Since the
inspection door 10 in one side of the isolation wall 8 is in the
outer surface side of the heating furnace, maintenance of the
furnace body 2 can be performed by taking off the inspection
door 19.

The up-and-down driver 11 is provided in each furnace
body 2 and is fixed to each of the base plates 4. The
up-and-down driver 11 has a reciprocal moving mechanism
comprising a driving motor, a ball screw and other compo-
nents on which are not shown in the figure, and its operation
is controlled by the control unit 3. The vertical direction
driving plate 24 extending inside the furnace body 2 is
linked to the up-and-down driver 11 to be driven in the
vertical direction by the reciprocal moving mechanism, as
shown in FIG. 3.

Inside the furnace body 2, a plurality of lateral frames 25
are attached to the vertical direction driving plate 24 and the

up-and-down moving pins 15 are attached onto the lateral
frames 25. The up-and-down moving pins 15 are small
diameter rod-shaped pins which are the substrate 12 holder.
Inside the furnace body 2, the hot plate 16 is arranged as a
heating plate for heating the substrate 12 by contact
therewith, and the hot plate 16 is fixed to the base plate 4
through the pillars 17.

Qutside the hot plate 16, the heat dissipation preventive
cover 18 is provided. The heat dissipation preventive cover
18 is formed of a metallic plate such as a stainless steel plate,
and covers the hot plate 16 at a small distance apart from it.
Thereby. an air gap is formed between the hot plate 16 and
the heat dissipation preventive cover 18 to stabilize the
temperature of the hot plate 16 by suppressing heat dissi-
pation of the hot plate 16. Small holes are provided verti-
cally penetrating through the hot plate 16 and the heat
dissipation preventive cover 18.

The substrate 12 is mounted on the plurality of up-and-
down moving pins 15 above the hot plate 16. The up-and-
down moving pins 15 are provided in such a proper arrange-
ment as to cope with all shapes of the substrates 12 to be
processed, and the up-and-down moving pins 15 are
designed so that the lengths of the pins projecting from the
surface of the hot plate 16 are equal to one another. The
positional relationship between the opening port 9 provided
in the isolation wall 8 and the up-and-down moving pins 13
is set so that the substrate 12 is mounted on the up-and-down
moving pins 15 at a level as it is when the substrate 12 is
horizontally transferred through the opening port 9 and
loaded into the furnace body 2.

Movable parts inside the furnace body 2 are the vertical
direction driving plate 24 and the up-and-down moving pins
1S moved up-and-down by the up-and-down driver 11. The
up-and-down driver 11 is arranged outside the furnace body
2 and the substrate 12 is loaded by being horizontally
transferred through the opening port 9. Therefore, a neces-
sary space inside the furnace body 2 is a moving region for
the vertical direction driving plate 24 and the up-and-down
moving pins 15 and a space for transferring the substrate 12.
Thereby, the height of the isolation wall 8 can be reduced.

On the top surface of the hot plate 16, there are provided
the substrate 12 displacement preventing pins (guide) 19 and
a plurality of the vacuum attracting holes 20 arranged in a
certain spacing. The substrate 12 displacement preventing
pins (guide) 19 are rod-shaped or block-shaped members
detachably fixed to the hot plate 16 so as to adjust the fixed
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position depending on a shape of the substrate 12 and are
arranged so as to surround around the substrate 12 to be
mounted, for example, arranged in four sides of a rectangle
when the substrate 12 is rectangular.

Inside of the hot plate 16, the heater 22 for heating and the
vacuum attaching holes 20 connected to the vacuum pipe 21
are provided. The vacuum pipe is further connected to a
vacuum pump (not shown) driven and controlled by the
control unit 3.

In the side of the opening port 9 in the upper portion inside
the furnace body 2, the gas supply pipe 23 is provided as a
gas supplying means. The gas supply pipe 23 is a pipe-
shaped member having many nozzles which are directed in
the nearly horizontal direction opposite to the opening port
9. A gas (for example, nitrogen gas) is introduced in the gas
supply pipe 23 to be supplied into the furnace body 2
through the nozzles.

In the face of the isolation wall 8 opposite to the opening
port 9, the gas exhaust pipe 13 is provided for exhausting
dust produced in the furnace body 2 and a gas generated by
setting treatment of the sealant. In order to increase pressure
inside the furnace body 2. the exhausting rate of gas through
the exhaust pipe 13 is set to a value smaller than the
supplying rate of nitrogen gas through the gas supply pipe
23.

As shown in FIG. 2, the substrate 12 is loaded from the
outside into the furnace body 2 and unloaded from the
furnace from body 2 to the outside using the transferring
robot 14 which comprises a transfer head having a shape
shown in the figure and is operated by being controlled by
the control unit 3 in coupling with the operation of the
up-and-down moving pins 15.

Operation of the embodiment having the aforementioned
structure will be described below, referring to FIGS. 5(a)-$
(d). FIG. 5(a) to FIG. 5(d) is a view showing the opening
port 9 side seeing from the line V—V of FIG. 2 and
explaining the operation of the embodiment shown in FIG.
1

As shown in FIG. 5 (a), initially, the substrate 12 is
horizontally transferred into the furnace body 2 through the
opening port 9 by the transfer robot 14 (FIG. 2) and mounted
on the up-and-down moving pins 15 which are in a raised
position. At this time, the hot plate 16 is maintained at a
desired temperature exceeding the critical temperature at
which the sealant applied to the substrate 12 is rapidly set.
Since the hot plate 16 is isolated from outside air by the
isolation wall 8, its temperature is stabilized and the tem-
perature inside the furnace body is maintained at a tempera-
ture higher than outside temperature by heat of the hot plate
16.

The gas supply pipe 23 always blows nitrogen gas at room
temperature in a nearly horizontal direction toward the

‘opposite side of the opening port 9 through the nozzles. The

nitrogen gas supplied from the nozzle of the supply pipe 23
is highly clean and the high cleanness inside the furnace
body 2 is maintained by this supplied nitrogen gas. The
exhaust gas pipe 13 (FIG. 2) always exhausts the gas inside
the furnace body 2 and a small amount of dust produced in
the furnace body 2 and the gas generated by heating of the
scalant. |

As the substrate 12 is transferred into the furnace body 2,
the surface temperature of the substrate 12 is raised by
radiation heat from the hot plate 16 and gas temperature
inside the furnace body 2. In this moment, the gap between
the substrate 12 and the hot plate 16 is set to a predetermined
distance depending on the temperature of the hot plate 16
and the sealant used.



5,716,207

9

Next, as shown in FIG. § (&), the up-and-down moving
pins 15 are moved downward by the up-and-down driver 11

and the substrate 12 is brought and kept close to the hot plate
12. At this time. the gap between the substrate 12 and the hot
plate 16 is set to a different distance depending on a desired
pre-heating temperature. In this state, the substrate is heated

by radiation heat of the hot plate 16. Although the tempera-
ture of the substrate 12 is further raised, the temperature
does not reach up to the surface temperature of the hot plate
16 since the substrate 12 is apart from the hot plate 16.
Therefore, the substrate 12 can be heated at the desired
temperature by adjusting the distance between the substrate
12 and the hot platc 16. When the temperature of the
substrate 12 reaches to the desired temperature, the up-and-

down moving pins 15 are further moved downward and the
aforementioned vacuum pump connected to the vacuum
pipe 21 is started operating to suck gas from the vacuum
attracting holes 20.

Then, as shown in FIG. S (¢). by moving the up-and-down
moving pins 15 downward further, the substrate 12 is moved
down surrounded by the displacement preventing pins
(guide) 19 and mounted on the hot plate 16 at last. As the
vacuum attracting holes 20 are operated, the substrate 12 is
vacuum-attracted and closely fixed to the hot plate 16. Even

if the substrate 12 is warped. the gap between the substrate
12 and the hot plate 16 is climinated and the substrate 12

does not displace during regular heating.

The whole surface of the substrate 12 is difficult to contact
to the hot plate 16 at a time due to warp of the substrate 12
and working accuracy of the hot plate 16 and the up-and-
down moving pins 15. Therefore, a portion of the substrate
12 which contacts the hot plate first is attracted to the
vacuum attracting holes 20 and at the same time the sub-
strate 12 is apt to move from its mounted position. However,
since the substrate 12 is surrounded by the displacement
preventing pins (guide) 19, displacement of the substrate 12
can be mechanically limited within a desired range. The
substrate 12 is attracted and held to the hot plate 16 for a
desired period.

Since the substrate 12 contacts the hot plate 16, the whole
surface temperature of the substrate 12 becomes uniform by
thermal conduction heating. Thereby, the sealant applied to
the substrate 12 1s uniformly thermo-set.

After the substrate 12 is held on the hot plate 16 for a
desired period, attraction by the vacuum attracting holes 20
is stopped and the up-and-down moving pins 15 are moved
upward, and the substrate 12 is returned to and held at the
position where the substrate 12 has been mounted on the
up-and-down moving pins 15, as shown in FIG. § (d).
During this time, the substrate 12 detaches from the hot plate
16 and the temperature of the substrate 12 gradually
decreases.

Further, as the substrate 12 detaches from the hot plate 16,
nitrogen gas blown out from the nozzles of the gas supply
pipe 23 blows on the surface of the substrate 12, and thereby
cooling of the substrate 12 is accelerated. The cooling of the
nitrogen gas prevents progressing of setting of the scalant by
residual heat.

The time sequence of each position of the up-and-down
moving pins shown in FIGS. 5 (a) to (d) depends on various
conditions such as the characteristic of the sealant applied to
the substrate 12, the set temperature of the hot plate 16 and

so on. As the temperature of the substrate reaches to the
desired value and cooling is completed, the substrate is
unloaded outside the furnace body 12 using the transfer
robot 14 (FIG. 2) and thus thermo-setting treatment of the
scalant of the substrate 12 is completed.
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The substrate 12 can be pre-heated at a temperature below
the critical temperature by pre-heating the substrate 12 at a

position apart from the hot plate 16, and the time period of
the substrate attaching to the hot plate 12 can be adjusted,
and the desired characteristic of the sealant can be obtained
by detaching the substrate 12 from the hot plate 16 and
cooling it to a temperature below the critical temperature.
Since the hot plate 16 is hardly affected by outer air by

covering the hot plate 16 with the isolation wall 8 and the
substrate 12 can be uniformly heated by stabilizing the
surface temperature of the hot plate 16, the sealant applied

to the substrate 12 can be uniformly thermo-set.

Since the up-and-down driver 11 for moving the up-and-
down moving pins 15 is only one driving mechanism inside
the furnace body 2, the construction of the furnace body can
be simplified. Since control of the driving mechanism in the
furnace body 2 is only a vertical positioning of the up-and-
down moving pins 15, the control is simplified. Since the
transfer robot 14 loads the substrate 12 through the opening
port 9 provided in the front face portion of the isolation wall
8 to mount it on the up-and-down moving pins 15 and
unloads the substrate 12 after completion of heating from the
up-and-down moving pins 15 which are placed at the same
position as the loading position. the control is easy.

Inside the furnace body 2. a gas flow occurs which 1s
formed by low temperature gas entering through a cut
portion, i.c. an opening port 9bas shown in FIG. 10. in the
isolation wall 8 in the up-and-down range of the vertical
driving plate 24 in the bottom portion of the furnace body
and flowing along the top surface of the hot plate 16 and
flowing out through the opening port . However, since the
nozzles of the gas supply pipe 23 are provided so as to blow
a gas in nearly horizontal direction toward the opposite side
of the opening port 9, the gas flowing toward the opening
port 9 is counteracted.

Further, since the pressure inside the furnace body 2 is
slightly increased by the nitrogen gas supplied from the gas
supply pipe 23, an air flow entering from the outside of the
isolation wall 8 is eliminated. Since the volume surrounded
by the isolation wall 8 is suppressed smaller and accordingly
the space around the hot plate 16 is small, the temperature
inside the furnace body can be easily uniformly maintained
by heat of the hot plate 16 and the temperature difference
between the upper portion and the lower portion in the
furnace body 2 can be reduced. Therefore, the convection
inside the furnace body 2 can be suppressed to a weak
intensity. Since the convection is not disturbed by motion of
the substrate 12, the heating temperature of the hot plate 16
becomes uniform and consequently the sealant applied to the
substrate 12 can be uniformly thermo-set.

Since an inert gas of nitrogen gas is used for the gas
supplied from the gas supply pipe 23 and prevents the
outside gas from entering into the furnace body 2, oxidation
of the sealant can be prevented.

The nozzles of the gas supply pipe 23 are provided so as
to blow a gas in a nearly horizontal direction toward the
opposite side of the opening port 9. The direction of the
nozzles and the flow rate of the gas supply pipe 23 may be
optimized depending on the direction and the intensity of
convective flow produced by the position of the opening port
9 of the isolation wall 8 and the position and the temperature
of the hot plate 16. For example, in a case where the total
height of the isolation wall 8 is low enough to suppress the
convection inside the furnace body, a gas curtain may be
formed by producing a gas flow flowing along the opening
port 9 of the isolation wall 8 to suppress entering of the
outside air.
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In this embodiment, four furnace bodies are used. The
required number of the furnace bodies is determined from a
value which is obtained by dividing the sum of the existing
time of the substrate 12 inside the furnace body 2 and the
loading and unloading time of the substrate 12 into and out
of the furnace body 2 by a desired supplying time of the
substrate 12. By loading the substrates 12 into each of the
furnace bodies 2 in a certain time interval one by one, the
substrates 12 having a completed thermo-setting treatment
of the sealant can be supplied to the next process in the
certain time interval one by one. Therefore, by providing a
plurality of the furnace bodies 2, it is possible to maintain a
necessary time interval for supplying the substrates 12 to an
apparatus in the next process.

Even if one of the plurality of the furnace bodies 2 fails.
by controlling the temperature of the furnace bodies
individually. it is possible to operate the other furnace bodies
2 and to perform the maintenance on the failed one without
shutting down the production line.

Since the imspection door 10 (FIG. 2 and FIG. 4) for
maintenance and inspection is provided in a side face
perpendicular to the face loading the substrate 12, even
when one side of the inspection doors 10 is opened to
perform maintenance or inspection, loading of the substrate
12 into the furnace bodies 2 except for one on which
maintenance or inspection is being performed is not hin-
dered and there is no need to shut down the whole furnace.

Although the furnace bodies 2 are arranged in two col-

umns and two rows in this embodiment, arrangement of the
furnace bodies 2 may be changed according to combination

with the transfer robot 14 for transferring the substrates 12.
The furnace bodies may be arranged only in the vertical
direction. or the furnace bodies may be arranged only in the
horizontal direction. The arrangement of the furnace bodies
2 can be properly selected corresponding to the condition of
floor area, the ceiling height of a room in which the furnace
is. number of the furnace bodies and transfer range of the
transfer robot 14 and so on. The total height of the furnace
body 2 is low and accordingly when several number of the
furnace bodies 2 are stacked vertically. the total height of the

apparatus is not so high. Therefore, the installation area can
be reduced.

Further, in this embodiment. outside air is prevented from
entering into the furnace body 2 by suppressing convection,
and dust is prevented from attaching to the substrate 12 by
improving its cleanness. Since the substrate 12 touches the
hot plate 16 only once during heating and the substrate 12 is
mounted onto the hot plate 16 from the pre-heating position
very near the hot plate, gas flow around the hot plate 16 is
minimized and therefore a cloud of dust is little and the
cleanness can be maintained.

Further, since the contact area between the substrate 12
and the up-and-down moving pins 15 is very small, produc-
tion of dust by friction between the substrate 12 and the
up-and-down moving pins 1S is suppressed. Since convec-
tion in the furnace body 12 is suppressed. produced dust is
hardly transferred upward and the cleanness of the substrate
12. therefore, can be maintained. The up-and-down driver 11
as a driving unit is installed outside the isolation wall 8 and
accordingly production of dust is small, and any dust pro-
duced is exhausted from the exhaust pipe 13. Therefore, the
cleanness inside the furnace body 2 can be maintained in a
good condition and it is possible to obtain a high quality
substrate 12 having little attached dust.

FIG. 6 is a vertical cross-sectional view showing a heater
22 which is another embodiment of a hot plate 16 used in the
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embodiment shown by FIG. 1, wherein the reference char-
acter 26 is a gap pin.

Referring to the figure, instead of the vacuum attracting
holes 20 shown in FIG. 3. this hot plate 16 has many gap
pins 26 arranged on the surface of the hot plate 16 to hold
the substrate 12 slightly apart from the hot plate 16. The gap
pins 26 are for holding the substrate 12 closer to the surface
of hot plate 16 in a uniform spacing than the pre-heating
position.,

By constructing the hot plate in such a manner, the
substrate can be uniformly heated by radiation heat and can
obtain a uniform sealant characteristic.

FIG. 7 is an outer front view showing another embodi-
ment of a heating furnace in accordance with the present
invention. The reference character 27 is a cooler and the
reference character 28 is a cooling plate. The parts corre-
sponding to those shown in the precedent figures are iden-
tified by the same reference characters and repeated descrip-
tion will be omitted here.

FIG. 8 is a cross-sectional view being taken on the plane
of the line VII—VHI of FIG. 7. The reference character 29
is a cooling water pipe and the parts corresponding to those
shown in FIG. 7 are identified by the same reference
characters.

The different point of this embodiment from the embodi-
ment shown in FIG. 1 is that one of the four furnace bodies
2 shown in FIG. 1 is replaced by the cooler 27, as shown in

FIG. 7.

The cooler 27 is, as shown in FIG. 7 and FIG. 8,
constructed by removing the isolation wall 8 from the
furnace body 2 and installing the cooling plate 28 in which
the heater 22 of the hot plate 16 is replaced by the cooling
water pipe 29. The cooling water pipe 29 introduces cooling
water in its inside to cool the cooling plate 28 down to room
temperature. The cooler 27 is arranged in the frame 6 the
same as the furnace body 2.

Operation of this embodiment will be described below.

The heating process using the furnace body 2 is nearly the
same as the process of FIG. § (a) to FIG. 5 (d) showing the
operation of the embodiment shown in FIG. 1. As the
temperature of the substrate 12 is decreased lower than the
desired temperature by blowing gas flow to the substrate 12
from the gas supply pipe 23 in the state of FIG. S (d). the
substrate is unloaded from the furnace body 2 using the
transfer robot 14 (FIG. 2) and transferred to the cooler 27 to
be cooled.

In the cooler 27, the substrate 12 is mounted on the
cooling plate 28 by moving the up-and-down moving pins
15 holding the substrate 12 downward using the up-and-
down driver 11 and the substrate 12 is cooled.

The cooling plate 28 is always cooled by cooling water
flowing in the cooling water pipe 29, and the whole surface
of the substrate 12 is in contact with the cooling plate 28 and
heat of the substrate 12 is removed by thermal conduction to
rapidly decrease the temperature of the substrate 12. When
the temperature of the substrate 12 is lowered to a desired
temperature, the up-and-down moving pins 15 are moved
upward again to hold the substrate 12 above the cooling
plate 28 using the up-and-down moving pins 15. Then, the
substrate 12 cooled down by the cooler 27 is unloaded

outside the cooler 27 using the transfer robot 14 (FIG. 2).
Thus the thermo-setting treatment is completed.

The cooler 27 in this embodiment is not limited to the
construction shown in FIG. 8, and the other construction

may be employed.
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According to this embodiment, the sealant on the sub-
strate is thermo-set at a high temperature in a short time, and
then is forced to be cooled. Therefore, the time required for
thermo-setting treatment is shortened and accordingly the
substrate production capacity of the heating furnace can be
improved.

Although all the up-and-down moving pins 13 have the
same length in the aforementioned embodiments, the length
of the up-and-down moving pins 15 arranged in the central
portion of the hot plate 16 holding the central portion of the
substrate 12 may be shorter than the length of the up-and-
down moving pins 18 arranged in the peripheral portion of
the hot plate 16. For an example. in a case where the
substrate 12 is supported by five up-and-down moving pins
15. that is, one is in the central portion and the other four are
in the four corners, the length of the up-and-down moving
pins 15 in the central portion is slightly shorter than the
length of the up-and-down moving pins 15 in the four
corners. When the substrate is supported by the up-and-
down moving pins 15, the force supporting the substrate 12
acting on each of the up-and-down pins 13 in the peripheral
portion is large and equalized so that the substrate 12 is

hardly displaced since the central portion of the substrate 12
is bent downward. When the substrate 12 is mounted on the
hot plate 16. the central portion of the substrate 12 firstly
contacts and is attracted by the hot plate 16. Therefore,

displacement of the substrate 12 at mounting time can be
suppressed.

FIG. 9 is a cross-sectional view showing an embodiment
of a heating furnace different from FIG. 1.

The different point of this embodiment from the embodi-
ment of FIG. 1 is that a heat resistive mirror 31 is attached
onto the inner surface of the furnace vessel facing the top
surface of the hot plate 16 by hooks (not shown) instead of
mirror polishing the inner surface.

FIG. 10 and FI1G. 11 show another embodiment.

FIG. 10 is a cross-sectional view showing the heating
furnace. FIG. 11 is a cross-sectional view showing the
operation of heating in the heating furnace.

The different point of this embodiment from the embodi-
ment of FIG. 1 is that a shielding plate 33 is provided in the
lateral frame 25aq in the front side of the apparatus through
a supporting pillar 32 and in the rear side a shielding plate
35 is provided in the vertical driving plates 24 through a
supporting member 34 provided across the vertical driving
plates.

When the substrate 12 is loaded onto the up-and-down
moving pins 15 using the transfer robot shown in FIG. 2, the
vertical driving plates 24 are in the upper position and
accordingly the shielding plate 33 opens the opening port 94
for loading and unloading the substrate 12 provided in the
front face of the isolation wall 8, as shown in FIG. 190.

When the substrate 12 is moved downward to be heated

using the vertical driving plates 24 through the up-and-down
pins 1S to be heated, the shielding plate 33 closes the

opening port 9a for loading and unloading the substrate 12
provided in the front face of the isolation wall 8, as shown

in FIG. 11, and the shielding plate 38 closes an up-and-down
opening port 94 for the vertical driving plates in the rear face
of the isolation wall 8.

By closing the openings 9a and 95 during heating, cold
and dusty outside air hardly enters into the furnace, and
uniform heating and high cleanness can be obtained. Further,
high temperature nitrogen gas inside the furnace hardly
flows to the outside and an amount of nitrogen gas supplied
from the gas supply pipe 23 can be reduced. After heating,
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the openings 94 and 96 are opened and cold outside air flows
into the furnace to cool the substrate 12.

Though the embodiments of the present invention have

been described, the present invention is not limited to these
embodiments.

Description has been made in taking a liquid crystal
display panel and a plasma display panel as the
embodiments, it is needless to say that the present invention
can be applied to the burning of a conductive paste applied
onto a substrate as far as the substrate is made of glass.

As described above, according to the present invention, it
is possible to obtain a heating furnace which is capable of
uniformly thermo-setting a paste applied onto the surface of
a substrate, and manufacturing a hagh quality substrate and
can be installed in a small area.

Although the invention has been described and illustrated
in detail, it is to be clearly understood that the same is by
way of illustration and example. and is not to be taken by
way of limitation. The spirit and scope of the present
invention are to be limited only by the terms of the appended
claims. |

What is claimed is:

1. A heating furnace for heating a substrate, comprising:

a heating plate having a plurality of holes passing through
the heating plate;

a substrate holder having a plurality of rods penetrating
said holes and projectable upward from the heating

plate;

an up-and-down driver configured to move said substrate
holder and a substrate mounted on the substrate holder
up and down,;

means for adjusting a length of said rods projecting
upward from the heating plate in order to adjust a
distance of said substrate from the heating plate accord-
ing to each of a pre-heating period, a regular heating
period and a cooling period. wherein said means for
adjusting adjusts the length of said rods to position said
substrate at a pre-heating distance above the heating
plate during said pre-heating period, said means for
adjusting adjusts the length of said rods to position said
substrate in contact with the heating plate during said
regular heating period. and said means for adjusting
adjusts the length of said rods to position said substrate
at a cooling distance above the heating plate during said
cooling period;

a vessel containing the heating plate and the substrate
holder, and blocking outside air;

an opening port being provided in one plane of said vessel
through which said substrate can be transferred in the
horizontal direction to be mounted on said substrate
holder inside the vessel.

2. A heating furnace according to claim 1, wherein

a gas supply means is provided within said vessel near and
above the opening port of the vessel, said gas supply
means having at least one gas supply port facing
opposite the opening port for discharge of a gas.

3. A heating furnace according to claim 1, wherein

a door for exposing the inside of the vessel is provided in
a plane intersecting the plane containing the opening
port.

4. A heating furnace according to claim 1, wherein

a length of the rods projecting upward from the heating
plate in a central portion of the heating plate is less than
a length of the rods projecting upward from the heating
plate in a peripheral portion of the heating plate.
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§. A heating furnace according to claim 1. wherein

at least an inner surface of said vessel facing the heating
plate is a mirror surface.
6. A heating furnace according to claim 1, wherein

at least an inner surface of said vessel facing the heating
plate is made of a heat resistive muror.
7. A heating furnace according to claim 1, wherein

said substrate is made of glass.

8. A heating furnace according to claim 1, wherein said
up-and-down driver extends into said vessel through an
up-and-down opening port, and wherein

shield plates are provided in said opening port of said
vessel and in said up-and-down opening port for said
up-and-down driver, said shield plates opening and
closing corresponding to moving-up and moving-down
of said up-and-down driver.

9. A heating furnace according to claim 1, wherein said
pre-heating distance and said cooling distance are selected
based upon a desired pre-heating temperature of the sub-
strate and a desired cooling temperature of the substrate.
respectively.

10. A heating furnace according to claim 1, wherein said
pre-heating period, said regular heating period. and said
cooling period are selected based upon a desired pre-heating
temperature, a desired regular heating temperature of the
substrate, and a desired cooling temperature of the substrate,
respectively.

11. A heating furnace for heating a substrate, comprising:

a heating plate which comprises a plurality of holes

extending generally vertically through the heating
plate;

a substrate holder comprising a plurality of rods penetrat-
ing said holes and projectable upward from the heating

plate;

an up-and-down driver configured to move said substrate
holder up and down; and

means for adjusting a length of said rods projecting
upward from the heating plate according to each of a
pre-heating period, a regular heating period and a
cooling period, wherein said means for adjusting
adjusts the length of said rods projecting upward from
the heating plate to a pre-heating length during said
pre-heating period, said means for adjusting adjusts the
length of said rods projecting upward from the heating
plate to zero during said regular heating period, and
said means for adjusting adjusts the length of said rods
projecting upward from the heating plate to a cooling
length during said cooling period.

12. A heating furnace according to claim 11, wherein said
heating plate further comprises additional holes which are
configured to communicate with an upper surface of said
heating plate and to communicate with a yacuum source.

13. A heating furnace according to claim 11, wherein said
pre-heating length and said cooling length are selected based
upon a desired pre-heating temperature of the substrate and
a desired cooling temperature of the substrate, respectively.

14. A method for heating a substrate in a heating furnace
having a vessel which contains a heating plate and a sub-
strate holder, said vessel having an opening port, said
heating plate having a plurality of holes extending generally
vertically through the heating plate, said substrate holder
having a plurality of rods penetrating said holes and pro-
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jectable upward from the heating plate. said method com-

prising the steps of:
transferring said substrate into said vessel through said
opening port;
mounting said substrate on said substrate holder;

pre-heating said substrate by lowering said substrate
holder to position said substrate at a first distance above
said heating plate for a first period of time;

heating said substrate by lowering said substrate holder to
mount said substrate on said heating plate for a second
period of time; and

cooling said substrate by raising said substrate holder to
position said substrate at a second distance above said
heating plate for a third period of time.

15. A method for heating a substrate according to claim
11. further comprising the step of vacuum attracting said
substrate to said heating plate during said heating step.

16. A method for heating a substrate according to claim
14, wherein said first distance and said second distance are
selected based upon a desired pre-heating temperature of the
substrate and a desired cooling temperature of the substrate,
respectively.

17. A method for heating a substrate according to claim
14, wherein said first period of time, said second period of
time. and said third period of time are selected based upon
a desired pre-heating temperature of the substrate, a desired
regular heating temperature of the substrate, and a desired
cooling temperature of the substrate, respectively.

18. A method for heating a substrate in a heating furnace
having a heating plate and a substrate holder, said heating
plate having a plurality of holes extending generally verti-
cally through the heating plate, said substrate holder having
a plurality of rods penetrating said holes and projectable
upward from the heating plate, said method comprising the
steps of:

mounting a substrate on said substrate holder;

positioning said substrate at a pre-heating distance above
said heating plate via said substrate holder;

pre-heating said substrate for a first period of time at said
pre-heating distance;

lowering said substrate to a heating position in contact
with said heating plate via said substrate holder;

heating said substrate for a second period of time at said
heating position; and

raising said substrate to a cooling distance above said
heating plate via said substrate holder;

cooling said substrate for a third period of time at said

cooling distance.

19. A method for heating a substrate according to claim
18, wherein said preheating distance and said cooling dis-
tance are selected based upon a desired pre-heating tem-
perature of the substrate and a desired cooling temperature
of the substrate, respectively.

20. A method for heating a substrate according to claim
18. wherein said first period of time, said second period of
time. and said third period of time are selected based upon
a desired pre-heating temperature of the substrate, a desired
regular heating temperature of the substrate, and a desired
cooling temperature of the substrate, respectively.
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